F EW problems in pathologic physiology have received more attention and caused more controversy than that of the genesis of lung edema. The reason for the interest is obvious in view of the frequency of occurrence and the potential gravity of the condition. The reason for the controversies over mechanism becomes quite apparent when one notes the diversity of the factors whose alteration may produce pulmonary edema. However, much of the earlier disagreement among students of the problem now seems to be resolving itself because of the recognition of the distinction between the primary or immediate, and the secondary or remote or indirect causes. Thus at one time much stress was placed upon "neurogenic" factors in pathogenesis, without adequate attention to the mechanisms by which the nervous factors themselves might operate. Likewise "toxic" factors were implicated, without precise location of their site and mode of action. Dr. Francis J. Haddy and the author are preparing a review of the literature on lung edema,* and the study of this literature has led to the views which are presented here.
Lung edema in its incipient stages can be almost exclusively limited to interstitial swelling. It is not a major immediate disadvantage to the respiratory function, however, until alveolar fluid accumulation has occurred. The presence of free alveolar fluid and foam increases the diffusion distances for gas exchange and also greatly impedes alveolar ventilation.
Both of these defects are serious, but the latter is calamitous and is responsible for the rapidly fatal character of acute lung edema. Lung edema may be complicated by hemorrhage, but the latter will not be considered in this analysis except to point out that rupture of capillaries is a frequent accompaniment of their distention under pressure.
In clinical medicine pulmonary edema is seen most frequently in association with various degrees of myocardial failure from any cause. It is also a common complication of head trauma, cranial nerve damage, kidney disease, metabolic disorders and anaphylactic reactions. Jt is also seen after rapid intravenous infusions, and it is common after exposure to certain irritant gases and aerosols. Our review of the literature has disclosed a large number of other disease entities in association with which pulmonary edema has been reported.
A physiologic analysis of the mechanism of pulmonary edema must, of necessity, begin with a consideration of the relevant structures in the lung tissue and the processes which are operative in the transfer of water and solute. The major site of such transfer between the blood and the tissue and alveolar spaces is presumably the capillary, although a participation of terminal arteriole and venule is not excluded by any direct evidence. The lymphatic system drains off a part of the fluid from the tissue spaces, and therefore the rate of this run-off might be a determinant in edema. The permeability characteristics of the capillary wall, the hydrostatic pressures in the blood vessels (capillaries) and in the tissue and alveolar spaces, as well as the colloid osmotic 292 EDITORIAL (oncotic) pressures in the plasma and edema fluids are the prime determinants for water transfer in this system. There is no positive evidence to indicate that any forces other than hydrostatic and osmotic pressures act to move water in the formation of edema. Unless and until another operative driving force is uncovered, it is imperative that we look upon lung edema as being the consequence of alterations in one or more of four determining variables: (1) membrane permeability, (2) hydrostatic pressures, (3) oncotic pressures, (4) lymph flow rate.
The last variable will be dealt with first. Lymph flow from the lung increases in the edematous state. One cannot believe, therefore, that obstruction occurs, and therefore one cannot ascribe the edema to abnormal resistance in the lymphatic system. The increased lymph flow is rather a consequence than a cause of lung edema.
The first three variables appear to be of primary determining importance in the genesis of lung edema, and the problem of the investigator has been to evaluate the relative importance of each and to ascertain the mechanisms by which the particular variable is altered in disease states. Lung capillary membrane permeability to protein has never been measured directly, but it is ordinarily assumed that the protein content of edema fluid may be taken as a measure. Unfortunately, even this quantity has not been measured consistently in edema studies, but it is established that (a) extensive lung edema may occur with low protein levels in the fluid, and (b) that ill terminal states the protein level in lung edema fluid approaches that of plasma. ]t has been suggested that lymphatic or bronchial capillary absorption of water may concentrate the protein in fluid moving from alveolus to bronchus but no proof of this exists. The simplest interpretation appears to be that edema of the lung occurs initially with little or no change in membrane permeability to protein, but that in fulminating types the capillary walls do become excessively permeable to protein. Jn this connection the existence of "pores" permeable to protein molecules in other capillaries should be noted, and also the fact that in some circumstances platelets are essential to the manifestation of oncotic pressure. It may easily be true, although it has not been specifically tested, that vascular distention under increased pressure has a determining effect upon the "pore area" permeable to protein molecules. Thus membrane permeability cannot be dissociated on a priori grounds from capillary pressure and elasticity.
The hydrostatic pressure difference between the lumen of the lung capillaries and their surroundings is apparently the most important single factor in pulmonary edema. Among the dozens of methods employed for inducing pulmonary edema experimentally, there is none which has been proved to act by any other primary mechanism than an elevation of lung capillary pressure relative to tissue pressure. Vagotomy, vagal stimulation, elevated intracranial pressure, epinephrine administration, ammonium chloride administration, resistance breathing, lung overdistention, intravenous fluid administration and left heart failure, among other remote causes, have all been shown to result in elevation of pulmonary great vein pressure. Studies on pulmonary vein pressures in lung irritant gas poisoning and in thiourea poisoning have failed to disclose significant changes. However, in the case of alloxan poisoning it has been shown that there is a rise in pulmonary vascular blood volume, without a rise in flow rate, which has been interpreted to indicate a venule constriction resulting in elevated capillary pressure. Comparable studies have not been reported for phosgene or other lung irritant gas.
The only common factor in all situations in which lung edema, produced experimentally, has been thoroughly analyzed is an elevation in pulmonary capillary pressure. It may be produced by pulmonary venule constriction, by increased blood volume, by excessive work loads on the left ventricle or by left ventricular failure from almost innumerable different remote causes. When venule constriction is a factor it is not inevitable that the dependent portions of the lung develop the most massive edema. Likewise, such edema might be confined to one lobe, or be central rather than diffuse. Clinically, a central or "bats wing" shadow is sometimes seen in radiograms in lung edema. Although a part of this density may be due to venous congestion, there is postmortem evidence that it is occasionally associated with a central maximum of lung edema. This phenomenon has not been observed in experimental lung edema, but relatively few radiographic studies have been made in animals.
To say that capillary pressure rise is a uniform finding in experimental lung edema whenever it has been studied does not imply that increased filtration pressure is the only determining factor. As noted previously, pressure also determines the degree of distention of capillaries, which in all likelihood is a determinant of permeabilitj' to protein. Thus one is still left with two direct determinants. Furthermore, it would be improper to exclude other possible factors influencing capillary permeability directly by chemical or physicochemical means. However, the law of parsimony imposes upon anyone who proposes any more complex mechanism the obligation to prove that the simpler hj'pothesis does not suffice to account for his observations. MAURICE B. VISSCHER
EDITORIAL POLICIES
In crystallizing editorial policies of a new journal, the Editorial Board finds it necessary from time to time to make revisions. Contributors will expedite editorial action by attention to the following revised policies adopted at a recent meeting of the Editorial Board:
1. Fragmentation of material from a general research into numerous papers is discouraged. The initiation of a series of "Studies" under a general heading is contrary to editorial policy. Continuance of a series started in other journals must be justified by the authors to the satisfaction of the Editorial Board.
2. The section entitled Research in Progress has not been found to serve the useful purpose contemplated and will be discontinued with the September issue.
3. Contributors are strongly urged to consider limiting authorship of papers to leading participants who have also contributed to the creative thinking in the research. (See Editorial, July 1953 issue.) It is a reasonable assumption that ordinarily this does not involve more than three persons. Contributions of others can be credited in a subheading or footnote such as "With the technical assistance of ", "With the collaboration of ---", etc. A [any contributors have agreed that the policy is a good one; it is hoped that it will be adopted generally.-C. J. W.
